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Study on the Ignition Delay Times of Propene/Oxygen/Nitrogen
Mixtures by Using Shock Tube
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Abstract: Ignition delay times were measured for propene/oxygen/nitrogen mixtures behind re-
flected shock waves in a double diaphragm chemical shock tube in the range of 1 650-1 900 K and
at 0. 1 MPa. An appropriate definition of ignition delay time was proposed based on an analysis of
the flow condition in an ideal shock tube. The experiment results show that the ignition delay
times of the mixtures decreased with the increase in initial temperature, The logarithmic value of
the ignition delay times was proportional to the reciprocal of temperature and inversely propor-
tional to incident shock intensity. Under high temperature conditions, the ignition delay times in-
creased with the increase in initial pressure and decreased with the increase in the concentration of
propene in the mixtures. An Arrhenius-type correlation equation for the ignition delay time of
propene/oxygen/nitrogen mixtures was developed, and its calculation results agree well with the
data in literature,

Keywords: chemical shock tube; ignition delay time; propene

BB SOSAL T BT E S IR Ts R hbe e REAS S BN SEUR TR 45 1 R 35 S0P s PR UIEAE
LN, ﬁ‘ﬁiﬁb%ﬁi@fﬂ@rﬁ:ﬁ B IRIIR SR AR ] PRI A KA.
b AR SOSALBE AN RE 3 K A2 R A Qin A5 N PGS S SR 77 v X AR
B A OB 2SI R 2 —. AL KR TR U 94 e R S A AR

ki H9T: 2009-08-01.  FEFfifi: SKILAHE1983—) . T W AR B A (R RO 55 R ML AR 0. R
Bl 2K 1 SRR 2R G L 5 QUBTRE AR T I (50821604).



10 [T 7 . ]

PN

5 44 &

] Arrhenius BIOC R A FHIFRE T 40K 8) J1 5440 1T.
Gauthier 25 A7) 38 5 8 X Bt L 10 DL S B AR
WRBHE S I R & ShHLis AT T00 T 19 H 45 SRt e
F15E. Fleweger 25 A\ ) 3 A8 S 0 4% B0 9%
S F DL R S ot/ A BRGEAEIR A e R Sh L
BT 5AF T 13 SO . Lamoureux %5 A ]
SRR R et SRR A FR G L L0658 N e Y A K
TR AT T SCIR BT SY. T 904 A5 ) P ok 45 4%
BB AT SRR T P10 A I BE 1 R B 25007 LA B
AR BE X 2 O BRI B S M I T e g AN
IR 4 FE OG5 5 9 (PLIF) £ AR X 5
W HBERE JCORREED T T TR ST, a2 AR e
[H]5E OH" B4 A rn 14 KA i S XA R
H AT XA RS F A5 KOG IR R 7RG
W BT B W KR LA SO S i Ak 2 s v 8 77 2
O MTARGEAR . S T AR S 5 nT RS AR AR
LEHLIE AW 58 0] B RN 40 B SRR & Bh AL 1
Jo AR K AL LA B AR B e & SPILAE 2 i L &%
ke B NO, BT s 43 3 28, X RIS
NO, HeilA 4 5 2048 T 5 S A SCR) SRR 30k
T B I T il s R GRS A
ARG A KR 0 S F 5T A 1 S 5
BARILE I T /AR B RIR G SUE KA Y
Arrhenius B R A, IF5 3CIRBEAT T HLEL

1 S Tk

1.1 XIWEE

AT AR A S g0 R R T L PR AR T
130 mm X110 mm FYHIE A5 048 2 . S0 40 e
R ILIE 1. He /ER3RE)S, 25 pm JEHY PVC AR
S SURRAIUAE PR B AL B AR R B e T 4 ATt
JE#E (—A~ PCB 113B03 1 3 4~ PCB 113B26) , i &

T ~_

ISR AR T - 5 3 P 00 A G
FE38 1 2 8 S AU B SN AR B T 1) A S B
e

SRS, LA XN A A 2 133X 10!
Pa, w5 R /NTF 5X 107" Pa/min. 3256 FE 5 AR FR
SN R 99. 99500, AN 99. 99900, B AN
99.999% 4% BB 0.1 = 0. 45 : 99. 45 FURFIAEH 4>
JEZE A BURRE e R R IR IR A 12 h DB R
PR 5 B s g e B S oy T 2 Ak 2 R A v i
J&E 700 AR A X I 1 235 R A 5

I FH 2 2 it 75 I B P A v s L TR O r
f 144 (PMT) | B4k UL R U8 0% B (ot K 306
nm, YA 58 5 nm) I OH" H &6 (E B1E NG X
TER 6 H WA A
1.2 HiRERNRRsh

N 2 0] LU Y 30 8 AN 5] 1 3 Y DA R 42 fik v
BN RIRSh 2 5 A X k. 0 SR S 6 R AR IR R
170 H TR B 1 AT S5 Lk B S B ) R
SFPRI R TR B A K B I AT R K A L B B
() o 16 AR B 0 2 IO BRI K . R T AS SE 00 =2 7E 5
M1 650~1 900 KD T 5 A, BLAG (4G 50 SE 56 A
i) 2 ms AT LA 2% = i T I/ |/ AR E R
B TR I 2 2R, IR T 2R 4 A is 1T
FRAF LA B A i R B K
1.3 FHNHIAER

X A5 BRI I S SCATR] S A5 180 o 45 SR Al
AR Qin 28 N E S F 5 % LN G &
SR s Davidson 2 A F I 145 5 it CH”
RO CAT 5 i AR N 28 SR BB ) o T AR .
AR SCFI FH 345 5 R i s e 380 38 000 o7 5 )
B Z1 B 307 nm OH™ H & 615 5 il 2 i KRk
AL S 4 202 M 2R B 7 8 I A R 2 KT IR

. i R - S
%— B2

9K B B

116 FE 3B 31 B

ot

3

A
R TR 2%

®

KMES CHGO/N, HEFEH

B

BT S s

http: / www. jdxb. cn



51 oA, S R I S 0 e BT T/ R R RIR A RS AR 11
t 1200
1000
w / 2 800
P §< 5 § 600
[ 3 9
Cﬁ* ES /<&$<. g 400 $=1.0
5, & 2 %, X ps=0.1MPa
pr & pas < ® 00 " C;Hy/O,/N B
A Vit / 3 3 1 1 1 1 1 1 ]
4 Ry s %ﬁﬁ 1 P57 s 56 5.7 5.8 59 6.0
g x T /10 K
| o FE 3K 3 B | mExnE |

1 BSR4 1 53 510 G S 360 B R e K Bl B 0 A R A 5 21X
B T 5 A S5 2 0 D35 0 0 0 P 5 B AT 2
IR 31X s SRR 2 DX B S iR 4 R »
TEI S 1 B S0 BT 7 1A R
P2 A P A AL A U 5

G ISR ZE 50 BYAR A » 38 AR IR 1] 1) s BRIV A
W/ BT R RSN, 1T 3 i s DAy L TR £ ey
OH" AR IClR 5 LI KA.

250
ps=117.4kPa, Ts=1831K
200 $=1, 7,,,=344.5 ps
« 150 SKIE NS
=
S 100}
(...  OHHERFES
50 B . \ﬁmv:'\"\* e,
| OH' BA#I &M RAE
0 1 -~ 1 1 1 ]
0.4 0.8 1.2 1.6 2.0 2.4

t/ms

B3 MR RIS U KR E

2 SRR e

2.1 A/%/ES/ASBEESHNENTRE

XYL =1, 0 BN/ B/ ARIREGRTE
MR 1 650~1 900 K. J12k 0.1 MPa [ 4644
WEATE ORI R I, 5 SR Un & 4 FFoR. o] LA
S TE IR IR BE R N G AR/ ARG R
125 KR I Arrhenius 56 25X, RIS IR EE (1
BIECR LM R G i BRI B 35 IR EE 7 184 T 4
. AR — ZE AR O OC R A AT S bR Ms
(Ms=W/a, W i sk AH X5 F I 1 00 B9 1% 4%
B a S M S B B SCER B 5 KR, —
HWRKR [=TMs", RV RfE A G bR A Ms
YRG5 DX A9 I Bt B =2 3G hm. PRIk s A SR B 5
BN PR TR B A TR AR 0 )52 M 5 e S 8L 32 1
2 (UL 5).

K4 /A RIR G T KR

1200
1000
800

600

ps=0.1 MPa

200k ® GH/O/NBES

H KRB ps

150 1 1 1 1 ]
3.35 3.40 3.45 3.50 3.55 3.60
Ms

KI5 Ms XM /A RUR G U KR B2

2.2 EAMAG/ES/ARRBRESENHRELN
=21

K6 FIE 7 45 T A Qin % AN Y SE5645
FHLE. INEL 6 s LUE H L BiE 7 6938 n . TN #s
RS KR 4. 7 T oS O TR S L Y
AR TR A SR A AR ) AR AR 2
— 31y, Y5 Arrhenius 3¢ F AT H, 7 5 iR G 0
LIRS ARG AL REXT T 09 AR A R AN U ). AR
WFFE I 230 25 51 5 Qin % AW 25 5 A0 223 — 4l

2000F
1000

% 500F

= L

= 200

s 100r $=1.0

X 50r = W5, ps=0.1 MPa

N © XHR[1], py=0.1MPa
10 . . ' C#R[1], ps=0.4 MPa
50 55 60 65 7.0 7.5

T 'no 'k’

K6 xRk /R A KR G

2000

1000 /

1001

°d

(=4

(=
T

[
(=4
(=

ps=0.1 MPa

i = KHFF, x(C3Hg) : x(0,)=0.1:0.45
fg a SCHR[1], x(C3Hg) 1 x(0,)=1.6:7.2
52 54 56 58 60 62 64 6.6

o'k

BT /A IR R BEO HA I 4 i)

I W
<

http: / www. jdxb. cn



12 [T 7 . ]

PN

S 5 44 &

#H

e IEL T B, JERURAETE BN MR G L
ff&.2(C;Hp) 2 2(O,)=0.1: 0.45, 1 Qin 5 A
PR A MR S 2 (G H) = 2(0,) =1.6 ¢
7. 2. FWIE IR S WA M TR A SR A R R
H+0,<O0+OH FiJz i H+ 0O, (+M)=HO, (+
ND B EEAT (M 9 HL O sl B0 - 11 35 K AU

AN SN Fie A AR,
2.3 AR/&5/R[RERENFHREA Arrhe-
nius B XL R

Davidson 28 A" S T ik SRR KO

A Arrhenius R U HE T 2
Tign = Aexp(E/RT)p"gs”[x(Cg Hq) |

K A BEHGE & EIG0RE R 2 AR R H 5
TS5 RiRE;p 25 XET ¢ 2Ham b ;x(C;Hy)
SEPIH R BE IR A3 85 a b e SN I AR 2. AR Qin
S NI SEB B, R Z oo bk a5 A TR
MR A E KR Arrhenius A5G R 20
= 741 X107 p " gH L (CyHg ) 7499

Tign
23 862.4
xp (=) (1)
K8 Za it 1 M /A RV UR A UE KA

FEE SUE AXITEAER LA ATLUE L AR
Ml Qin 5 N A5 5 Arrhenius S5 A XA
SRV AR Xt — LU SR AT IRA
ARG AL RE R B 19 AR AL A SRR,

2000
1000F
g soof
2 2001
3 100 ps=0.1 MPa
Hu  S0F » ABFFT, x(C3Hg) : x(0,)=0.1:0.45
20 0 ICHR[1], x(C5Hy) : x(0,)=1.6:7.2
10 1 1 1 _IM%I%%I 1 J

52 54 56 58 6.0 62 64 66 68
7ok’

P 8  Arrhenius #l&A A 45 R 5 LA LK

>

3 ®

+:
4

AR SCHE BN A SE B 5 b BB ik
Wb 3t OH" [ R OGIE 5 U 3 e S 00
Bty I A M (4 R 7 A% Jei U 4 14 FE 1155, Wi
BRBIE KRR AT T R 002 L TR T A
Eri 1 600~1 900 K IIEHE 1 AR e B 19 4 /48
R RAIRERE KA, RA ) 24518
.

(D BEE W iR B3, i /8 </ ARG
S RS L 36 O PR I 8 X 80 I E ) 45
BORAE B A G R R S 5 B 5 A ok
TR X U L.

(2) AT S Bl A R 7 0938, 25 Kk B8
AR, iR T AR A RIR G AR KR AN TE
ANFE TN AR R R — 3y R IR A AR
TEALREXT e 7 28 A 2 AN R Y. Bl TR & SOk
HIXE N 3 IR IR 5 VR B IR S A R T
Kt AR A R BRI P SRR O HA- 0, <« O+
OH 1 H4+0, (+M)=HO, (-+M) [#J IF. [ #F1T.

() TEARE 1K 0. 1 MPa fb22 248k 1. 0 LK
M R Z 0 M B 7 0 S e g5 R AT T
PG 25 10 IR AR AR B2 B 3 T BB X e i 174 A8
RAFURN. TR BA TR IR 2 Qin 55 A5
gEE P 541 Arrhenius 25 KR 56 R 50
ARV EGAR L, RGO R KRB T 1
WP /B RIS S KR,

S 30k

[1] QINZW, YANG H X, WILLIAM C, et al. Meas-
urement and modeling of a shock tube ignition delay
for propene [ J]. Combustion and Flame, 2001, 124
(1/2):246-254.

GAUTHIER B M, DAVIDSON D F, HANSON R K.

Shock tube determination of ignition delay times in full

[2]

blend and surrogate fuel mixtures [ J]. Combustion
and Flame, 2004, 139(4):300-311.
FLEWEGER K, BLUMENTHAL R, ADOMEIT G.

Self ignition of S I engine model fuels: shock tube in-

(3]

vestigation at high pressure [ J]. Combustion and
Flame, 1997, 109(4) :599-619.

LAMOUREUX N, PAILLARD C E, VASLIER V.
Low hydrocarbon mixtures ignition delay times investi-
gation behind reflected shock waves [ J]. Shock
Waves.2002, 11(4):309-322.

TR USRI AT, A5 REGEXT TP1O A0 A5 K R
P I AR ELT ], %53, 2007, 39(4) : 254-
257.

WANG Su, FAN Bingcheng, HE Yuzhong, et al.

Effect of silane on ignition characteristics of JP 10 and

[4]

[5]

kerosene as shown in shock tube study[]J]. Chinese
Journal of Theoretical and Applied Mechanics, 2007,
39(4) :254-257.

T, AU, TR S O IE S P A S kA
SR DX AT AR A S s S [T 1. Bk 4. 2008, 53

[6]

http: / www. jdxb. cn



55 130

FRIEEE L G5 R I S B e BT A IR / S/ R U I 13

7]

(19):2371-2378.

WANG Gaofeng. MA Chengbiao, WANG Baoyuan,
et al. Direct observations of reaction zone structure in
shock-induced ignition of methane air mixture[ J]. Chi-
nese Science Bulletin, 2008, 53(19).:2317-2378.
DAVIDSON D F, HAYLETT D R, HANSON R K.
Development of an aerosol shock tube for kinetic stud-

ies of low-vapor-pressure fuels [J]. Combustion and

(8]

Flame, 2008, 155(1/2):108-117.
DAVIDSON D F, OEHLSCHLAEGER M A, HER-
BON J T, et al. Shock tube measurements of iso-oc-
tane ignition times and OH concentration time histories
[J]. Proceedings of Combustion Institute, 2002, 29;
1295-1301.

(il EHF)

http: / www. jdxb. cn



